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Morphological Transformation in Vitro of
Normal Human Fibroblasts by Chrysotile
by L. B. Joseph,* R. E. Stephens,* A. C. Ottolenghi,*
P. D. Lipetz* and H. A. 1. Newman*

Pathologic response of tissue to asbestos in vivo gives rise to fibromatoma, granuloma and meso-
thelioma. We are attempting to develop a model system in vitro using human cells in order to inves-
tigate the possible mechanisms responsible for these pathologies.
Within the first 12 hr of exposure to chrysotile, the fibroblasts showed distinctive morphological

changes. Cells appeared elongated with occasional vacuolated nuclei and granular cytoplasm. Cells
showed no other obvious morphological changes by light microscopy and were serially passaged at
confluence. The cells with vacuolated nuclei were successfully serially passaged. Binucleated cells
were first observed 48 hr after passaging. As time in culture increased (3 days to 2 weeks) many
cells lost their distinctive bipolar properties and developed "stress striations" and multiple vacu-
oles in the cytoplasm. Multinucleated giant cells (2-11 nuclei/cell) with lobate nucleoli became more
numerous. With increasing passages, the confluent cell density decreased and cell size increased.
Cells usually had condensed nucleoli and had lost all control of directional growth. Preliminary in-
dications suggest that these in vitro morphological transformations are due-at least in part-to a
lack of control over cytokinesis.

Introduction
Asbestos has been known for its flame retardant

and insulating properties since ancient times. The
lamps of the Vestal Virgins contained asbestos
wicks. Legend states that Charlemagne would
throw the tablecloth into the fireplace for cleaning
to the amazement of his guests. As we headed into
the industrial revolution our usage of asbestos be-
came more sophisticated. In the mid-1800s, physi-
cians noted an increased incidence of pulmonary dis-
tress in individuals working with asbestos. It has
been determined that an excess of 1 x 104 individu-
als will die each year until the turn of the century
due to past exposure (1940 to 1980) (1). The period
from initial exposure to the onset of asbestosis is
frequently in excess of 20 years.

Research has mainly been concerned with acute
effects of asbestos exposure (2-5). Since we are in-
terested in why there is a latency period of 20
years, we decided to look at the effect of chronic ex-

posure to asbestos. We have an ongoing study on

the morphological changes associated with chronic
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asbestos exposure due to a single inoculation in vi-
tro.

Material and Methods
Morphology

CIs (normal human dermal fibroblasts) at passage
16, 80% confluence, were exposed to NIEHS short
chrysotile or NIEHS amosite in PBS (phosphate
buffered saline) at a concentration of 63,Ag/cm2. Con-
trol cells were exposed to the same amount of PBS.
Cells were observed hourly, by inverted phase mi-
croscopy, for the first 6 hr and then every 12 hr un-
til confluence, which occurred approximately 2 days
following exposure. Medium (EMEM supplemented
with 10% FBS) was changed 24 hr after exposure
due to a change in the pH. At confluence the cells
were washed twice with PBS and split in the same
manner as described in Stephens et al. (2). Cells
were observed 6 hr after plating and then observed
daily until confluence, at which time they were seri-
ally passaged. Every third day, cells were fed with
supplemented EMEM plus 10% FBS. CIs were
checked monthly for viral, bacterial, Mycoplasma
sp. contamination by the Microbiology Laboratories,
Department of Pathology, The Ohio State Universi-
ty, Columbus, OH.
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Transmission Electron Microscopy
Confluent flasks (control and experimental) of CI

P. (seven passages P after exposure) were washed
twice with PBS and trypsinized with 0.01% trypsin.
Trypsin was inactivated with ten times the volume

of cold PBS and centrifuged at 1500 rpm for 10
min. Supernatant was aspirated, and cold 2% glu-
teraldehyde was added for 15 min. Gluteraldehyde
was decanted and the pellet was cut into pieces.
Fresh gluteraldehyde was added for 2 hr, aspirated
and 0.122 M phosphate buffer was added. At 15 hr

FIGURE 1. CI P6,. 12 hr post treatment: (a) control, nontreated, 100x; (b) amosite-treated, a= amosite, 100x; (c) chrysotile-
treated, c = chrysotile, arrow indicates vacuolated nucleus, 200 x .
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FIGURE 2. CI, various times post treatment: (a) CI P,i, 48 hr post treatment; note elongation of cells and development of in-
tercellular spaces; arrow indicates vacuolated nucleus, c = chrysotile, 176 x . (b) CI P,7, 48 hr post passage; note elongated
cellular processes, binucleated cells (bn) and chrysotile (c), 188 x . (c) CI P. approximately 2 months post treatment; arrow in-
dicates nucleus; note multiple granular bodies surrounding nuclei, 94 x .
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FIGURE 3. CI P2., 2 months post treatment: (a) control, non-

treated, 91 x . (b) amosite-treated; note some granularity of
cytoplasm and presence of amosite, 91x . (c) chrysotile-
treated; arrow indicates chrysotile within the cytoplasm;
note vacuolation and granulation of the cytoplasm plus
condensation of nucleolar material, 182 x .

later, cells were postfixed with 2% osmium tetraox-
ide for 1 hr. Cells were then dehydrated through
EtOH and propylene oxide. Spurr (Ernest Fullam)
plus propylene oxide (1:1) was added for 2 hr and
cells were then put in 100% Spurr overnight at
room temperature. Then cells were placed in 100%
Spurr in molds for 24 hr at 650C. Spurr plugs were
removed from molds, mounted, cut and placed on
grids. Thin sections were stained with uranyl
acetate and lead citrate.

Results
CI passage 16 is a normal human fibroblast which

at confluence displays the typical swirl growth pat-
tern (Fig. la). Morphological changes become evi-
dent (Figs. lb and lc) 12 hr after application of as-
bestos; NIESH amosite (Fig. lb) applied to the cells
did not cause the same morphological changes as
the chrysotile. NIEHS chrysotile (Fig. lc) caused
definite elongation of the fibroblasts and what ap-
pears to be cleared nuclei.
At 48 hr after chrysotile exposure, fibroblasts be-

came very elongated and pulled apart from each
other (Fig. 2a). There was an increased number of
cells exhibiting clearing of the nuclei and an in-
creased granulation of the cytoplasm. At 72 hr after
inoculation with asbestos, the cells were serially
passaged (1:2). Two days later, binucleated cells be-
gan to appear in the chrysotile inoculated cultures
(Fig. 2b). Also evident were condensation of the nu-
cleoli, vacuolation of the cytoplasm and "stress stria-
tions" in the cytoplasm. Chrysotile was still evident
in the cultures. The cell density at confluence of CI
P,7 was as follows: control 1.41 x 105 cells/cm2; amo-
site-treated 1.26 x 105 cells/cm2; and chrysotile-
treated 3.2 x 104 cells/cm2. By passage 23 the cell
density at confluence of the chrysotile-treated cells
was 5.3 x 103 cells/cm2 compared to the control den-
sity of 5.5 x 104 cells/cm2 and the amosite-treated
cells were 4.2 x 104 cells/cm2. The chrysotile-treated
cells at passage 23 (CI P,,) had lost their typical fi-
broblast morphology (Fig. 2c), and there was an in-
creased granularity of the cytoplasm and no binucle-
ated cells were evident.

Approximately 2 months after inoculation, the
control (Pa,) cells exhibited no change in growth
morphology and minimal granulation of the cyto-
plasm (Fig. 3a). P. of the amosite-inoculated fibro-
blasts showed increased granularity of the cyto-
plasm but no change in the growth morphology or
clumping of the nucleoli (Fig. 3b). Cells exposed to
chrysotile (Fig. 3c) lacked typical fibroblast mor-
phology and had vacuolation and granulation of the
cytoplasm. Chrysotile can also be seen within the
cell.
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FIGURE 4. CI P23 transmission electron microscopy (4032 x ). (a) control (nontreated cells), with normal chromatin pattern in the

nucleus (n) and microvilli (m) at cell periphery; (b) chrysotile-treated cell, with immature nucleus (n), lysosomal bodies (L) and
chrysotile (c) in the cytoplasm.
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Transmission electron microscopy demonstrated
no detectable differences between the control and
amosite-treated fibroblasts (Fig. 4a); there was a
marked difference between these cells and those
treated with chrysotile. In the chrysotile-treated
cells, chrysotile was found in the cytoplasm. No
chrysotile was seen within the nucleus (Fig. 4b). The
cell margin of the control cells showed distinct mi-
crovilli as compared to chrysotile-treated cells.
Other perturbations seen in the chrysotile-treated
fibroblasts (Fig. 4b) include stacking of the endoplas-
mic reticulum, immature nucleus which shows clear-
ing of the chromatin and an increased amount of ly-
sosomes.

Discussion
Chronic effects of asbestos can be induced by a

one-time exposure. Chrysotile is not easily removed
from in vitro by normal cell handling techniques
(i.e., feeding and passaging). Chrysotile may become
adsorbed to the cell membrane (6) or ingested into
the cell.

Ultrastructural work by Richards and others (3,
7), including our own observations, has shown that
chrysotile does not penetrate the nuclear mem-
brane (Fig. 4b). Richards (7) stated (and we have con-
firmed) that chrysotile is usually found free (not
mefnbrane-bound) within the cytoplasm. At high
resolution, however, there does seem to be a coat-
ing on the chrysotile; this is also consistent with
Richards' observations. Work previously reported
from our laboratory possibly suggests that the coat-
ing on the chrysotile could be a protein or protein-
based molecule (8).

Multinucleated cells have been seen one passage
post treatment (P17) but, by Pa, the multinucleated
cells were not evident. We agree with Richards (3)
that this could suggest an abnormality in cell divi-
sion.

If the primary destructive mode of chrysotile is
physical penetration, then the nucleus is not the pri-
mary site of attack. The primary site of attack

seems to be the cytoplasm, where we saw the first
chronic effects. At P18 the cells still showed normal
chromatin distribution and microvilli, even though
many were bi- or multinucleated. By P. the cellular
membrane and the nucleus were affected. It seems
possible that the chrysotile could interfere with one
or more of the many steps leading to translation.

Future investigations will include measurement
of translational perturbations and utilization of
freeze fracture/electron microscopy.
We are grateful to the following individuals for their assis-

tance: Miss Kelly Nelson, Miss Judith Ortman, Drs. Ayers,
Sharma and Svirbely of the Department of Pathology, The
Ohio State University. This research was supported in part
by EPA contract number CR807284010.
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